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A METALLURGICAL IIVESTI_QLTION OF LARGE FORGED DISCS
OF LOW-CARBON N-155 ALI_}O! )
By Howard C. Cross and J. W. Freeman

..BUMMARY T v m

This report in one of a series or a cooperative research investigation
undertaken to ascertalin the properties of the better wrought heat-resisting
alloys in the form of large discs required for gas turbine rotors.

mgroperties of large discs of Low-Carbon N-155 alloy in both the as-
forged water-quenched and aged conditions have been determined by means
of stress-rupture and creep tests for time periods up to about 2000 hours at
1200°, 1350°, and 1500° F. Bhort-time tensile test, impact test, and time-
total derormation characteristics are included.

The following principal results were obtained from the 14 3/4-1noh-d1am—

eter by 4 3/8-inch-~thick discs:
As-forged Aged a.% ﬁ;%% g ﬂog at 1%00° ¥
Disc 1L ___DPlec 2R

A. Brinell hardness range . . ; v
on center plane at rim * 210 200 R 210 |

on center plane at center 180 174 - £00
B. Offset yleld strengths - . -
0.2-percent offset yleld il
strength at: . ) ] B
room temperature 67,800 56,420 62,150
1200° F 46,250 31,100 39,320
1350 F 40,020 29,100 40,650
1500° F 35,600 34,500 33,350
C. Rupture-test characteristics . o
(Btress to cause ruiture in Tk
indicated time periods ({psi)
1200° F rupture strength . .
10 hr 55,000 . 218. ,000 55,000
100 hr ,000 44,000
1000 hr : 8,500 36, ' 35,000
1350° F rupture strength
10 hr 39,000 34,500 38,000
100 hr 28,000 28,000 28,000
1000 hr ] 20,000 ] 23,000 21,000
1500° F rupture strength
10 hr . L 23,700 ——
100 hr 16,500 18,500 . 18,000
1000 hr 11,800 13,000 12,200

The elongations and reductions of area of the fractured rupture-test
specimens were quite good, and increased rupture time did not produce &
significant change in ductility.



2, . . 7 KACA TK No. 1230

D. Total-deformation characteristios under stress

The data for the three discs tested are too voluminous to repeat in
this summary. Briefly, the as-forged disc was generally supsrior to the
heat-treated and aged aiacu at 1200° F. At 1350° F the superiority of the
as-forged disc was lessened, and at the lower stresses disappeared. At
1500° F the heat-treated and aged discs showed increasing a:g;riority
over the as-forged disc partioularlz at the lower stresses oh produced
low rates of deformation and long life.

Aging at 1350° F, rather than at 1500° F, produced higher strengths
in tests at 1350° F, and some beneficial effects from aging at 1350° P
wers 8till evident in tests at 1500° F for the test duration used in this
investigation.

E. Uniformity

The propertles of the -discs were quite uniform considering the size
of the forgings and the characteristics of the alloy. :

F. BStability i =

The impact strength and ductility decreased after orsep testing at
1200°, 1350°, and 1500° F. The strength values from tensile tests
inoreased af%or creep testing at 1200° and 1350° ¥, and either changed
very little or were slightly lowered after creep testing at 1500° F.

INTRODUCTION

This report presents the results of a study of the roon-temperature,
1200*, 1350°, and 1500° F properties of three large forged discs of Low-Carbon
N-155 alloy. One of the dlmcs was tested in the as-forged condition, and the
other two discs were solution treated and aged. The primary purpose of this
study was to determine the level of properties exhibited by this alloy in the
form of large forgings of the type required for rotor wheels in gas turbines
and to determine the relative properties of as-forged and heat-treated alloy
discs., The Alscs investigated herein reported were several from a series
now under study. The results obtained previously from similar investigations
gn %9932%,3c81, and Low-Carbom. N-155-d1scs have been published as references

’ < . :

This work is being carried out as of two correlated programs of
research on alloys for gas-turbine applications in progress in this country.
'The National Advisory Committes for Aercnautics is sponsoring work directed
toward the development of 1mprovad.high-temgerature alloys for gas turbines
used in aircraft power plants. A concurrent program, formerly sponsored by
the National Defense Research Committes, Office of Scientific Resedrch and
Development, and now sponsored by the Ofrice of Navel Research, Navy Dogart—
ment, 18 being directed to the development of alloys for gas-turbine applica-
tions in general, and in particular to both ship and aireraft propulsion.
The work herein was performed with the financial assistance of the Natioral
Ad;i:gryUCOgmigtee for Aeronautics, the National Defense Research Committee,
an e U, B. Navy. -

This report is based on the éoint effort of the three research programs
and is being distributed by both the NACA and the -Navy. The investigation of
these discs for the NACA was conducted at the De t of ineering
Research of the University of Michigan, for the U. 5. Navy by Battelle Nem-
orial Institute, and for NDRC Project NRC-8 by some of the following 12
oooperating 1aborator1qs:

American Brake Shoe and Foundry Company
Battelle Nemorial Institute

Crans Company .
Federal Shipbuilding and Dry Dock Company
Lunkenheimer Compan{

Vassachusetts Institute of Teohnology
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The Hidvale Company

University of Michigan

NationslBureau of Standards

Research Laboratory, Westinghouse Electric
and Manufacturing Conmpany

TEST MATERIALS
follos!sl: available information concerning the discs may be summarized as ‘
Nanmufacturer:
= Crucible Steel Company of America
Heat Number:
1X2232
Chemical Compositions

The chemical composition was reported to be the following percen-
tages by the menufacturer:

[+] ih 8 & 5 Co o ¥ ¢ E
0,07 1.68 0.60 20.80 20.60 20.07 2.94 2.67 1.05 0.125
Fabrication Procedure:

Three 9-inch billets from a 2000-pound induction furnace heat were
direct upset to Tg:oduce discs 14 3/4 inches in diameter by 4 3/8 inches
in thickness, finishing temperature was about 1500° F, The left
and right halves of each disc were heat treated as follows:

Solution trestment Aging
Disc 1L None Tested in the as-forged
condition.
Disc 1R None 24 hours at 1500° F
Disc 2L 2200° F, water quenched 24 hours at 1500° F
Disc 2R 2200°¢ ¥, water quenched 24 hours at 1350° F
Disc 3L 2250° F, water quenched, 24 hours at 1500° F
reheatoa to 1500° F and

reduced 3 percent
finishing tompern%ure
about 1200° F

Sampling:

The cole punber assigned to the discs was NR-66E, Figure 1 shows
the locetion of the samples cut from the halves of the wverious discs and
the eode system identifying the coupons. The letters refer to locations
on the flat faces of the scs, and the mumerals refer to the locations
through the thiockness of the dlsos.
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EXPERTMENTAL PROCEDURE - -

The investigation was designed to grovid.a four types of information: (1)
the physical properties at room temperature, 1200°, 1350°, and 1500° F which
can be expected in large forgings of the Low-(arbon N-155 analysis; (2) the
sffect of fabrication and heat treatment on these physical properties; (3)

the varlation in properties which might be present in varlous locations in
such large forgings; and (4) the change in properties resulting from exposure
to elevated temperatures under stress for prolonged time periods.

The physical-property data obtained for these large forged discs of Low-
Carbon N-155 alloy included short-time tensile properties, impact strengths,
rupture-test characteristics, and design curves of stress against time for
total deformations of 0.1, 0.2, 0.5, and 1.0 percent at 1200°¢, 1350°, and
1500° ¥, The time-deformation data were obtalned from tims-deformation:curves
from both stress-rupture and creep tests. ' = T

The uniformity of the disc materials was checked by means of a hardness
survey and by tenslle and rupture tests on coupons from representative loca-
tions throughout the dises. Hardness, tensile, and impact tests and metallo-
graphic examinations on speclmens after comple'iion of the tests were used to
estimate the stability of the material during prolonged exposure to tempera-
ture and stress, . -

The testing procedures used for the short-time tension, stress-rupture,
and creep tests were in accordance with the provisions of the A.8.T.N.
Recommended Practices E21-43 and E22-41. :

RESULTS

The data obtained are compiled as a seriea of tables and 8, with
the principal results from the three dlises 1L, 2L, and 2R, on ch most of
the work was dope, summarized in fi 8 2 to 4. The source of the deta
(NACA, NDRC, or Navy) is indicated the tables.

s - ~ Hardness Burvey

The Brinell hardness of material cut from the discs with the five airf-
ferent processing and heat treatments ranged from about 165 to 235. (See
fig. 5.) The hardness generally increased from the center to the rim of the
disc. Cab . - PR - T

YN - —_ .

T

The most uniform and higheat over-all hardness was shown by disc 3L
which was hot-cold worked after solution heat treatment. A slightly higher
hardness wais shown at the rim of the as-forged disc (1R) which was subse-
quently aged 24 hours at 1500° ¥ after forging. The hardness of the as- . _ .
forged disc which was not aged (1L) was uniformly lower than the as-forged
and aged disc (1R). -The hardness of the solution-treated dise aged 24 hours
at 1500° F (2L) was quite uniform and was similar in magnitude to the as-
forged or hot-cold worked discs (1L, 1R, and 3L). The hardness measured for
disc 2R indicated that. the aging for 24 hours at 1350° F as compared with
1500° F aging did not produce the maximum hardness except at the rim location
where more working 1s accomplished in the direct-upset forging of discs from
billets. It is considered that the hardmess varlations from center to rim
of the dises were quite smsll, considering the sige of the discs and the
difficulties of forging of this highly alloyed material.

The hardness of the NR-66D disc (reference 2), which was menufactured by
Universal Cyclops Bteel Corporation and tested as forged and stress relieved
for 2 hours at 1200° F, varled from 195 at the center to about 235 Brinell
hardness at the rim of the disc on the center plane. This is very similar to
the variation in hardness obtained on disc KR-66E-1R.

- ey
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Short-Time Tensile Properties

The results of the short-time tenslle tests at room temperature, 1200°,
1350°, and 1500° F are showm in table I. By using 1/i-inch-diameter test
specimens in the room-temperature temsion teste, s clent material was
avallsble to compare the properties of the surface and interior material. The
deta showed slightly higher strengths for the material teken near the surface
of the discs and also a slight lgzoriority for materiel near the rim, as
compared with the center of the discs. - S

In the tests at 1200° F surface test bars showed slighitly higher proper-
ties than interior test bars. Compar the three discs tested, the as-
forged disc 1L showed higher strengths the solution—treato& and aged
discs 2L and 2R at both room temperature and at 1200° P, but at 1350° and
1500° F swperiority of the as-forged disec was shown only by the yield strengths
and not by the tensile strength. The solutlon-treated disc aged at 1500° ¥
was conslderably stronger at room temperature and_at 1200° F than the disc )
aged at 1350° F, The superiority produced by the 1500° T aging was consider-
ably reduced when tested at 1350° F,and at 1500° F the two materials were
quite simlilar in strength. :

Charpy Impact Resistance

impact resistance ("V" notch) was determined on specimens from the
three discs 1L, 2L, and 2R. Data are shown 1n table II and figures 2 to 4
from tests at room temperature, 1200°, 1350°, and 1500° ¥ after holding at
temperature for a time period sufficlently long to ensure a uniform tempera-
ture in the specimens.

- The Charpy impact resistance at room temperature was lowest for the disc
‘2L which was water gquenched and aged at 1500° F, with values of 4 to 8 foot-
pounds. Aging at 1350° F, efter solution treatment, as for disc 2R, produced
consliderably higher room-\{.omporature impact resistance ranging from 20 to 4?
foot-pounds. 8Sinilar impact resistance was shown by the u-foiged disc (1L).
For all three disc materials, tests at temperatures of 1200°, 50°, and
%500° F tgroduced considerably higher impact values than weres obtained at room

emperature, :

Rupture-Test Characteristics

The stress-rupture data for the tests at 1200°, 1350°, and 1500° T are
shown in table III, and the rupture strengths ohtained from the stress-rupture
time curves in figure 6 are summarized in table IV. All specimens tested were
radial specimens, located as indicated in table III. ‘ ;

All five discs weres tested at 1200° F and 100-hour and 1000-hour rupture
strengths ranged from 41,500 to 47,000 psi and 34,000 to 38,500 psi respec-
tively. The best over-all stress-rupture strength at 1200° F was shown by
the as-rorged disc (11L). No improvement in strength was noted for the hot-
cold worked aisc (3L). The strengths of the heat-treated and aged dises, 2L
and 2R, were similar, : -

| 5

At 1350° F the 100-hour rupture strengtha of the as-forged disc (1L) and
the quenched and aged discs gzr. and 2R) were quite similar, but at 1000 hours
the heat-treated discs s a slight superiority over the as-forged disc.
The same trend existed in teats at 1500° F. At 1350° F the 100-hour rupture
strengths were all 28,000 psi and the 1000-hour rupture strengtha ranged from
20,000 to 23,000 psi. At 1500° F the 100-hour rupture strengths were 16,500
to 18,500 psi and the 1000-hour rupture strengths ranged from 10,400 to
11,500 ps1. ) ‘ e

Inspection of the stress-rupture time curves shown 1n figure 6 indicates
little ge in slope with increased temperature of test for discs 2L and 2R
which wvare solution treated and aged. The as-forged disc (1L) showed a slightly
greater change in slope between 1200° and 1350° F, and the considerably steeper
slope for rupture in excess of 300 hours at 1500° F clearly indicates better
properties are obtained et 1500° F by the use of heat treatment.
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Duoctilities of the stress-rupture specimens measured after fracture were
quite good. Thae elongation values of the _a_a-form disc (1L) were lower than
for the heat-treated discs. Increased rupturs & did not produce a signi-
ficant change in duotility as 1s sometimes the case with other materials.

Time-Deformation m:-a-utor‘,lat:lcs

A convenient method of describing the high-temperature strength of a
material is by ocurves of stress against the time required for various total
deformations. Data from both stress-rupture and creep tests are used to
zroparo such design curves. Such information along with the stress-rupture

ime curves gives design engineers a complete picture of the expected per-
formance of an alloy under conditions of constant-tension stress. This
information i incorporated in figures 8 to 16 for deformations of 0.1, 0.2,
0.5, and 1.0 nrcent at 1200°, 1350°, and 1500° F for time perlods up "o
3005 hours. ditional curves showing the time of transition from a minimum
creep rate to the increasing rate of third-stage creep have been added so as
to show when rapid elongation preceding fallure starts. o

The curves of. stress time for total deformation were plotted from the
data in tables V, VIY, and IX. The data were tsken from the time-deformation
curves of the stress-rupture and creep tests. The time-deformation curves
for the stress-rupture tests have not been included in this report but are on
file at the National Advisory Committee for Aeronautics and in the Office of
Naval Research, Navy Department, and may be obtained cn loan for inspection if
%;’%N%B The %m—defomtion curves for the creep tests are shown in figures

o 25.

Tables VI, VIII, and X show data scaled from the design curves in fifurea
8 to 16 and show the stresses to cause various total deformations from 0.1 to
5.0 percent in definite time periods of 1, 10, 100, 1000, and 2000 hours. For
ease of comparison, similar data for the ior—oarbon H—15§ alloy disc, NR66D,
;;'t% r;nd mrzp;ma previously in reference 2, have been included in tables

» » ..

P Y . -

Oreep Strengths

Many engineers are accustomed to base deaignu on creep rates, especlally
for long periods of service. For this reason, the creep-rate data have been
collected from the time-deformation curves and are shown in table XI, and the
logarithmic stress-creep rate curves for the tests at 1200°, 1350°, and
1500° F on the three disas 1L, 2L, and 2R are shown in figure 7. The cree
rates used were either minimum ra%oa or final rates from 1000-hour tests a
1200° F and 2000-hour tests at 1350°. F and 1500° F. The creep strengths
obtained from figure 7 were as followss )

8tress for indicated creep Tates

'rmouturo . pise { .

1200 ¥R-66E-1L 23,500 ———
NR-66B-2L 20,250 ———
NR-66E-2R 23,200 ————
1350 NR-66E-11, 15,800 ' 11,160 ”
WR-66E~2L 14,500 12,000
WR-66B-2R 14,000 11,100
1500 WR-668-11 7,600 84,500
NR-662-2L, 9,500 8,000

ARstimated wvalue.
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These creep strengths can be compared with the deformation strengths 1n
tables VI, VIII, and X. "The creep strengths for a rate of 0.0001 percent per
hour at 1500“ F are ugparently safe for use for time perilods up, to 10,000
hours since extrapolation of the transition polnt curves (stage II to stage
IIT creep rate) in figures 8 to 10 out to 10,000 hours indicates that at the
stresses listed second-stage creésp would stiil prevail.

In the tests at 1350° and 1500° F the situation is quite different.
Extrapolation of the transition curves in figures 1l to 16 shows that in most
cases increasing creep rates will occur betwsen 1000 and 2000 hours at the
stress for a cresp rate of 0.0001 percent per hour, and with quite large total
deformations ranging from 1.0 to 2.0 percent. In %he tests at 1500° F on the
heat-treated and aged discs (2L snd 2R), transition to third-stage oreep occurs,
with a total deformation of less than 0.5 percent at 18,000 psi between 1000
and 2000 hours. At the lower stresses, which produced a creep rate of 0.00001
percent per hour, longer perlods of service could be attalned, but the slope
of the stress-rupture time curves at higher stiresses strongly suggests caution
should be obssrved when extended service periods are contemplated.

Stablllity Characteristics

Bome of the test specimens from each of the three discs were subjected
to tensiles, act‘ and hardness tests at room temperaturs after creep test-
ing at 1200°, 1350°, and 1500° ¥, with the results shown in table XII. The
considerable decrease in impact strength and increass in hardness were the
most significant changes observed. For all three discs the highest hardness
was observed after testing at 1350° F, sven though, in the case of dise 2L,
the specimens were aged 24 hours at 1§00° F prior to creep testing.

Yor the as-forged disc (1L), the yield strengths were slightly higher
after creep testing at 1200° and 1350° F, with no significant change in ten-
sile strength. After creeg testing at 1500‘ F, the room-temperature tensile
angd ﬁ;ld strengths were slightly lower than for the disc in the as-forged
[]s) On. -4 "

For the heat-treated discs {2L and 2R), the room-temperature yield
strengths were materially increased by creep testing at 1200° and 1350° P,
For disc 2L tested at 1200° and 1350° F and disc 2R tested at 1350° F the
ductilities wers reduced to very low values. Testing at 1500° F reduced
the tensile and yield strengths of disc 2L, but little change was noted in
the atrengths of disec 2R ch was heat treated and aged at 1350° F prior to
oreep testing.

The microstructure was quite uniform from center to rim In each of the
three discs and thersfore only original microstructures at a center section
are shown in figure 26 at magnifications of 100X and 1000X. The graln boun-
daries were not developed by the eto technique used on the as-forged dilsc
(1L), bdut were clearly shomn in the omicrographs of the two heat-treated
and aged discs (2L and 2R). The grain-size range was from about 1 to 4
A.8.T.M. grain size. Considerable precipitation wlthin the grains was ob-
served in the as-forged diso.

Disc 2R, which was water quenched from 2200° F and then aged 24 hours at
1350 F, showed less precipitation within the greins than the as-forged disc.
Aging a'E 1500° F for 24 hours (disc 2L) considerably increased the amount of
precipltated phase.

The photomicrographs of figures 27, 29, and 31 show the struoctures of
the three dilscs 1L, 2L, and 2R after creep {:est:lng at 1200°, 1350°, and
1500° F. Little cfza.ngo in structure was observed as a resuit of 930 hours of
testing at 1200° F, but about 2000 hours of testing at 1350° or 1500° F .
Eroduoed a heavy general precipitation and most heavy after teating at 1350° F,

able XII indicated this precipitation was accompanied by not very large
changes in room-temperature strength, but a considerable decrease in ductilit;
and impact resistance and by increased hardness. The photomicrogaphs sugges
that testing at 1500° F have produced some agglomeration of the precipi-
tated phase, since for each of the discs the room-temperature strengths were
also lower after testing at 1500° F than at 1350° F.
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Figures 28, 30, and 32 show the fractures and structures of specimens of
the thres diascs after stress-rupture tests at 1200°, 1350°, and 1500° F,
Fractures in stress- re tests at 1200 F woro llrgely transcrystallinn,
although as indlocated in figure 30 thers was soms intergranular parting ob-
served adjacent to the fracture in specimsn 2K5. Practures in specimens .
tested at 1350° F also apgeared largely transcrystalline. Specimens tested
in stress-rupture at 1500° F showed considerable intergranular cracking
adjacent to the fracture. - ’ -

DISCUBBIOR OF RESULTB .

' - =. . LT s,

The tensile, rupturo,and time-deformation data provide as nearly ocomplete
design information for these low-carbon N-155 discs as can be obﬁuined in the
laboratory from teats under conatant-tensile stress.

The test data contalned in this rcgort apply only to tho particular disas
tested and fabricated and heat treated in the manner indicafed. Considerable
experisnce indicates that the properties depend on the particular manufactur-
ing procedure used in the production of the dises. It should not be assumed
that the properties herein reported apply to discs of a similar composition

roduced by another fabricator, or necolsarily to aimilar discs produced by
ghe sams fabricator.

- arw

As an example of the variations that are enoountered 1n data of the typo
presented, attention is called to tables VI, VIII, and X, which for purposes -
of comparison also inclyde data on the as-forged aiac of Low-Carbon N-155,
NR-66D, (reference 2). When tested at 1200° F thiadfreviously tested as-
forged disc was consistently superior to the three discs for which data are
presented herein. This superiority of the as-forged NR-66D disc is main-
tained in tests at 1350° F except at low stresses producing creep rates of the
order of 0.00001 percent per hour. In tests at 1500° F at lower stresses
which produce lower rates of deformation and longer duration tests, the discs
3{ heat-treated and aged Low-Carbon R-155 alloy are superior to the as-forged

scs.

Battelle Memorial Institute
olumbgs s Ohio
University of Michigan =t
Department of Enginoering Rnsearoh

Amn Arbor, Michigan - . : -
Novenber 18, 1946

L 17 . . . Sl — .- =en - -
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TABLE Y.~ SHORT-TIME HIGH-TEMPERATURE TENSILE PROPERTIES
OF LOW-CARBOK N-155 ALLOY DISCS, NR-66E.2

(Pulled at 0.02 in. per min to yleld strength; and
0.06 in. per min to rupture.)

Propor— ¥i1eld strengths
¢ |tonpegture|ssrenpet Tints oI Fercestlsor Favoent| Klongation| of ssen.
Specimen® |temperature|str +«1 percenti0.2 perocen! ngation| of area
_m::;"'_.ﬁnm:n.lgmtion TR (  (psi) | offget | offset | (percent)| ent
8R-66E~1L| 1P1 Burface C 75 115,0001 34,600 59,300 65,800 32 31.8
1EL Surface R 75 121,0001 55,000 70,000 73,700 47 61.2
1G2A |[Interior B 75 118,000( 47,700 61,500 65,200 42 50.8
1628 |Interior R 75 118, 5001 44, 800 63,600 66,500 &7 41.6
NR-66E-2L( 2F8 Surface R 75 117,000 21,700' 57,500 61,200 30 23.2
2D8 SBurface C 75 108, 800} 50,000 62,000 65, 16 16.1
2D3 Interior C 75 109,400( 48,100 57,800 60,700 19 18.4
2E3 Interior R 75 111,400} 48,900 58,100 61,500 15 16.9
NR-66E-2R| 2K1 Burface C 75 108, 0001 42, 800 57,100 60,600 32 30.1
2L1 Surface C 75 106,000{ 39,800 54,600 58,300 34 29.5
202X |Interior R 75 104,300 39,300 50,000 53,000 gi 34.8
2M3 Interior R 75 107,700} 38,800 50,600 53,800 30.1
NR-66X-1L| 1H1A [Burface R 1200 4 75,625] 36,100 48,000 50,000 — —
1B2 Interior R 1200 794650 34,750 490,500 42,500 22.3 25.0
RR-66E-2L| 2H1A [|Burface R 1200 76,5004 32,200 38,500 40,400 32.6 31.2
282 Interior R 1200 75,0001 27,000 36,500 38,250 — —
WR-66E-2R! 2F1A [Burface R 1200 4 52,500} 25,200 | 31,600 33,100 — —
232 Interior R 1200 6457001 21,000 27,650 29,100 | 26.0 28.8
NR-66B-1L| 1B3 Interior R 1350 59,3001 28,500 37,250 39,250 34.6 37.9
1H2A |Interior R 1350 60,000| 29,500 39,300 40,800 29.8 26.8
NR-66B~-2L| 2B3 Interior R 1350 60,'700| 37,500 42,500 A4 ,000 32.0 31.8
2H2A |Interior R 1350 59,300| 26,000 35,300 37,300 31.7 32.1
NR-66E-2R| 273 Interior R 1350 56,500| 22,750 27,250 28,700 25.0 26.5
2P2A |Interior R| 1350 d 55,750| 24,800 | 28,300 29,500 — —_—
NR-66BE-1L m Burface R 1500 45,100] 20,350 28,350 35,900 33.0 40,1
1834 |Interior R 1500 43,700] 29,400 34,300 35,300 30.8 31.8
NR-66E-2L| 2H Surface R 1500 42,000] 21,500 32,000 33,500 33.0 33.1
2HiAA |[Surface R 1500 42,500| 23,500 32,400 345200 33.5 29.8
BR-66E-2R| 2P1 Burface R 1500 44,300] 23,250 33,750 35,300 26.7 27.5
2P3A |Interior R 1500 42,2501 24,000 32,400 33,700 31.2 3.0

S¥DRC and Navy data.
11 room-temperature tests were made on 1/4 inch-diameter specimens, gage length - 1 inch.
411 high-temperature tests were made on 0.505-inch-ciameter specimens, gage length - 2 inches.

DHeat Treatments:
NR-66E-1T, As forged.
WR-66E-2L 2200° F water quenched + 24 hours at 1500° F.
NR-66B-2R 2200* F water quenched + 24 hours at 1350* F,

CgSurface C = Surface specimen at center of &isc.
Surface R = Surface apecimen at rim of disec.
Interior C = Interior specimen at center of disc.
Interior R = Interior specimen at rim of disc.

dspecimen broke in threads at stress shown.
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TABLE II.- CHARPY

n.

NOTCHED-BAR IMPACT RESISTANCE AT ROOM TEMPERATURE 1200‘

1350°, AND 1500° ¥ FOR LOW-CARBON ¥-155 ALLOY DIBCS, XR~
Looation of test Test & ture !.gut
o; » s -gm
| Diagb lGpeoimen (° fﬂ-lm
108 Surface C 29 ‘
¥R-66E-1L 1D8 Burfagce R Roon 2
1B6 Interior R 37
XR-663-1L 176 Interior R Roon 26
1c6 Interior C 7
102 Interior C 58
FR-66B-1L D2 Interior C 1200 ﬁ
1c3 Interior €
187 Interior R z{
NR-66B-1L 1¥7 Interior R 1500
1C1 Burface C 60
201 Burface C 5
NR-66E-2L 2 Surface C Roon é
2c8 Burface C
2F3 Interior R 5.
NR-66B-2L c6 Interior C Room 7
D6 Interier C 8
202 Interior C 2
WR~66B~2L D2 Interior € 1200 21
2c7 Interior C 28
D7 Interior © 29
¥R~66B-2L 287 Interior R 1350 32
2K7 Interior R 32
2E6 Interior R 1
NR~66B-2L 2r6 Interior R 1500 33
2C3 Interior C 38
A8 Burfsce C 20
NR~66E-2R u8 Surface R Room. 38
e Surface R A3
an3 Interior B 17
¥R-66E-2R 2K6 Interior C Room 28
ab Interior € 29
253 Interior C ) 61
HB~668-2R L2 Interior C 1200 | 62
' X7 Interior C 60
L7 Interior C 57
WB~66E-2R ar7 Interior R 1350 57
N7 Interior R 65
A5 Interior R 53
NR~-66B-2R |6 Interior B 1500 56
X3 Interior C 61

LYDAC and Navy data.

PHsst Trestmenta:
ER-G6E-1L As forged.
NR-66E-2L

2200° F water quenched +
NR-66E-2R 2200° F water gucnchod +

SSurface C = SBurface specimen at olntoz of disc,

Surface R

¢ specimsn at rim
n:tu-iorc Interior spec

dise.

imen at center of disc.

InteriorR = Interior specimen at rim of disc.

hours at 1500° F.
hours at 1350° F.
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TARLE m.-,mﬁrmmm&qs ALLOT
DINGS, EA-568, AT 1200°, 1330°, 3000 7.

Yost Talsm )
m t-r;nhrn m Elongation| of oTesp rete
188 cmm 5,000 [ 10 7 12.1 —_—
7 g 17.8 —_—
g1 | 333 o 1200 k::’%% . 18 i 189 o2
103 ane 2000 [ E13 _ 13 7.8 :
1 om n.% T s ii 1 — i
érn-cen-1n | 187 P 1200 - 2990 |+ w :; — .
115 oo -590 - 504 19 o — -
E o 0,000 865 1 20.0 o— - e o=
éyp-g62-21 ex w00 ?;m 209 B | ;
ani o . 5,000 | 1058 | .. 22 2 . . '
" ows om 50,000 s 13 17.2 —
Syn-s63-20 1200 000 [ 188 10 .6 —_
a5 b~ ) $2:000 | 1336 12 s 0026
Grpsemon | 3 amR 15200 §'888 5 2 21 frmes =5
s“ai a0 ; 5000 2 a8 245 — -
1 1041 | ome ) 20,000]| 6" 3 .8 — . .. . -
@ | o |t | R | B | @ _
| g8, | e 29,000 aﬁ 22 —_— . S
Syp-can-2t éc&:% o8 13% 23,000 ;2 .8 o8
oo w3 | 729 5 39.8 .
oa 000 3 52 .0 .
OXR-64E-2L .| cm 1350 321000 . 1 74 0.0 o
. 178 onR 17,500 m afber 5 peroentf .00L4
6 — .
Bt | ® IR
s wr @ | ee ke A | o2 | #E | o '
a | = 23,000 :33 N, | we ‘o3z -
s [ om 18,000 ; 59 36.6 —_—
B |2 o) 8f 41 B8 | w
I B I N Bl 7 A N I S
i | om 10, 500 1.5&0 A0 t.8 - S
7EL sHR 20,000 o .0 —_ K
B8 AR R =~
‘wn-66%-2L | o903 amR 1500 7000 mdm aster 2 sazoent] 1083
m tomm 15,000 | 323 " .1 024
i cRR 13,000 | 579 g .8 o1 ,
v CER 13,000 1862 91 L0013 -
Y . - Ledx
2n 103 22,500 39.5 —— . -
= | & w58 . 8= SR
SWB-66%-2R | o ORE. 1500 135000 | 485 yed it} <008 .
a» CRR 15,000 muont% after 2 percen 022
P4 SER 13,500 i moed after 1 percent{ .0034
ORR . . [
m @ NI ED R
SHeat Treatments: . .
HA-66E-1L1 As forged.
A3 forged’+ 24 hours at 1500° 7. - . - - v
b T il e 1 v - =
E:Stti:.. 2250° T water +3p bot-oold work at 1500° to 1200° ¥ + 5 : -
24 hours at . ¥, - . e eem = e
boER Radial specimen from center plane at rim of diso, . ) .. . R
ORC Radial specimen from center plane ab osnter of disa. i =
SRR Radial spscimer fyom surfaoe plans at rim of diso. _ 3 e —

Operoent in 1 imoh, s ] £

dya0s data (specimens were 0,160 in, in disweter with a gage length of 1 in.)
SyDaC and Navy data (dpecimens were 0.230 in.. in Jlayeter with a gage length of 1.3} in.). - . .. i -
Thats from this test not used in design ourves. ¥ - :
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TABLE IV.- ROUPTURE STRENQTHS OF LOW-CARBON N-155 ALLOY DISCS,
NR-66E, AT 1200°, 1350°, AND 1500° F.
" Test 8tress to produce rupture in indicated time periods
tem?erature : )
| Disc® ) —10 br - 000 ht 2000 Br
bYR-66E-1L 1200 55,000 46,000 38,500 436,500
byp-66E-1R 1200 —_— 47,000 33,500 430,000
PyR-662-21, 1200 455,000 44,000 35,000 433,000
byr-66E-2R 1200 48,000 41,500 36,000 34,500
DyR-66E-3L 1200 —— 46,000 d34,000
bNR-66E-1L 1350 439,000 28,000 20,000 418,000
DYR-66E-2L 1350 438,000 28,000 21,000 419,000
D¥R-66E-2R 1350 434,500 28,000 23,000 . 22,000
CNR-66E-1L 1500 ——— 16,500 11,800 10,400
CNR-66E-2L 1500 — 18,000 12,200 10,700
CNR-66E-2R 1500 23,700 18,500 13,000 11,500
8peat Treatments:
NE-66B-1L As forged.
NR-66E-1R As forged + 24 hours at 1500° F.
NR-66E-2L. 2200° F water quenched + 24 hours at 1500° ¥.
NR-66E-2R 2200° F water quenched + 24 hours at 1350° T, -
NR-66E-3L 2250° ¥ water quenched + 3 percent hot-cold work et
1500® to 1200° F + 24 hours at 1500° r.
Cﬁ
bDNACA data. - la
: 2
CNDRC and Havy data. :
Agstimated. v
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TABLE V.~ STEESS-TINE YOR TOTAL-DEFORMATION Iil!t AT 1200° ¥
FOB LOW-CAEBON N-155 ALLOY DISCH, NR-66E.%

bpeat Treatments:
. NR-66E~-1L As forged,
NR-66E-2L 2200° P watar quenched + 24 hours at 1500° ¥.

24

NR-66E-2R 2200* F water guenched +

Capproximats.

hours at 1350* F,

ition to
ot Initi:i. Time for indicated total deformation|ihird-s
refg |deformstion o Iime | Daformation

| Discd IBveoimsn (0. 18 T0.2% [2.0F TE.0F | (hr) | (percemt)
WR-66E-1L a2 255000 0.‘11{ - B7|11150 | === | == | == | === —_— -

143 ,000 .13 - Al s | ar| — | — | o~ —

1C3 40,000 +22 - | 2| 1| .46 325 | 335 5.3

irs 45,000 «35 | wm—] ———— 5 0| 1% | 150 5.0

ars 40,000 «40 -— | —] — 6 24 |" 96 99 &7
FR-66B-2R | 2I2 25,000 .139 — | 25| — | —| — | — | —— —

K5 35,000 €1.00 -_— | ——] —] — A7 | 885 | 975 5.2

*¥ici deta.

L

‘t

0EZT "ON HI YDYM



TABLE VI.- OSTIEESS-TINE FOR TOTAL-DEFOHNATION CHARACTERISTICS AND CHERP
STRENGTHS AT 1200° F FOR LOW-CARBON N-155 ALLOY DIS8C3, HR-66E%.

8t to total deformation in Cr ]
Total Tons m“::'m time periocds (Based on o “gut.Wmoo hr)
deformation 1 al
Disch _(percent) 1hre-|20hr | 100 hr [ 1000 hr 12000 hr | G, T . T
TR-66D 0.1 21,500 | 20,000 | 17,500 | 14,500 | 13,500 28,000 15,000
R-66BE-1L % | 23,500 ——
WR-66B-2L, 5 ] 19,500 20,250
WR-66E-2R -1 . 23,200 ——
NB-66D .2 34,000 | 31,500 | 28,000 | 24,000 | 23,000
TR-66B-1L 2 | e 1,000 | 25,000
WR-668-21, - - 22,500 20,500 | 19,000
TR-66B-2R .2 ©26,000 |%23,000 | ————
WR-66D 5 ﬁ’m 39,500 | 35,000 | 30,000 | 28,500
¥B-66B-1L 5 »500 | 36,000 | 30,500 | 25,500 | 23,500
M—ZI- .5 30,@ 23,500 —————
FER-66B-2R | . .5
WB-66D 1.0 51,000 | 45,500 | 40,000 | 35,000 | 33,500
YR-66E-1L, 1.0 22" 140500 | 340500 | 280500 | =
'B-GGE—ZL 1.0 —— m,m ’ ’m
WR-66B-2R 1.0 ¢31,000 | 29,000 | ———
FR-66D Transition - £1,500 { 39,500 | 36,000
¥R-6AE-1L | Transition |- 44,500 | 37,000 | ———-
WR-66B-21, | Tranaition 40,500 | 32,000 | ———
NR-64E-2R | Pransition 35,000 | ——
BRACA dmta.
"ant Treatments: }
WR-66D: As forged + 2 hours at 1200° F.

NR-66E-1L: As forged.
NR-668-2L.: 2200° P water quenched + 24 hours at 1500° F,
NB-66E-2R: 2200° F water quenched + 24 homrs at 1350° F.

OFstimated walnes.

0€ZT °*OXK ¥NI YOVK

*eT




TABLE VII.~ BTRESS-TINE FOR TOYAL DEFORMATION DATA AP 1350° ¥
Mo FOR LOW-CARBON N-155 ALLOY DIBCB, WR-64E.

91

= - ition to third-
Y - Bt'- . a.ﬁuﬂ Time for indicated total deformation .;;;D.g oress
i L 39:1:] ] FRALION : Tne Ormetlon
| Disd" Igpholeen | (sl {- .28 0. 58T 1% T2 98| (hr)
10,000 0.053 65 | 30 | —| — | — — | —
™ 0| o |G| |MEl=|= =|=
“NB-66E-1L al | 20,000 .15 — 2 32| 120 |~ —- | —-
irs - -{ 21,500 .10 — | — 6| =22 6 200 | 310
: . | (ed1e4-2{ 255000 | - 12 — | = [ 5 | 75| 130 .
i - :
. {263 | 10,000, 045 | 127 e [ e | e e | —
| \=4 12,000 -052 e | %0 | —|T— —_— = —
P : 2 15,000 | - . 20 | 125 625 | e | e |
1 .v I(e)e2Eg -] 17,500 | ¥ .15 | ——= 5 1. 36 llz 622 -— || 715
WR-66E-2L ° 20} ,000 | 't .17% — 1 ni 365{19 — | —
S 262 | 22,000°| ;¢ 122 [N [ few f 1 37. 112 ,| 150
. b -] 25,000 | | _-..153 —_— -] 11 50 | 4%
(e z&- 21,500 | - 105 | | 15( 3 70 235 | 290
. 2C4-1| 25,000 | - .135 —_ | - 3l 79 26 68:] 120
203 | 20,000 ®.04 230 | 540 | ~——| ———— [ mt= —— | e
) 2% 12,000 °® 072 0 1175 | —|——]|— — | —
2 15,000 e _085 10 90 AB0 [ e | e e | —
| 20,000 f.10 -t 13 90 |8220 — mm— | e
.| NR-66%~2R -g gg,gg .13, — | -— 1: 48 | 112 600 zg
(e 2P 27, 500 g7 | - A NE: AR
2K4-1| 30,000 | .19 — | — | —=] 3 10 28 | —
2p4 | 32,500 | .21 |e— | eew | | 1 5 16 | —
" 8fgat Treatments: ' : i
NR-66E~1L: As forged.

WR-66E-2Ls 2200° T water quenched + 2§ hours at 1500° P.
MB-64E-2R: 2200* F water quenchad + 24 hours.at 1350° T,

DEDRC and Navy data,

“Maca data.

dpata from this test not used in design ourves. U
®Initial deforsetion obtained from load-off resding, |

fInit1a1 deformation caloulated from modulus of elasticity.
EXstimated.

el
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TABLE VIII.- GBTHESS-TIME FOR TOTAL DEFOHEMATION CHARACTERISYICB AND CHEEP
ETRENGTHS AT 1350* ¥ FOR LOW-CAEBON N-155 ALLOY DISCS, NR-66E®.
Stress to canse total deformatiom in — Creep strength
. f!ota%m indioated time perlods (Based on oreep rates at 1000 hr)
arEe
D scP Zgg_ga_nt) 1hr |30 br 2000 hr | 0.

WR-656D 0.1 17,000 | 13,800| 11,000 &,000 —— 16,000 7,900

WR-66E-11, .1 18,600 | 15,500 15,800 11,100

NR-66E-2L . ©18,300 | 15,700| 10,600 14,500 12,000

WR-66B-2R .1 e | 15,000| 10,900 14,000 ~ 11,100

WR-66D .2 26,000 | 21, 16,700 | 12,000 | ©10,700

WR-662-11 .2 020,800 | 17, 14,200

WR-66E-2L -2 20,000 | 17,200| 13,700

WR-66E-2R 2 20,400| 14,400

WB-66D 5 -——— | 26,500( 22,000} 17,200 ©15,900

NB-668-11, .5 24,500 | 21,400| 17,800 {%13,900 —————— -

NB-662-21, .5 25,000 | 20,200 16,#33 014,000 | o—r

NB-663-2R 5 ———— | 24,000| 19,700 [e14,.00 | ®13,200

WR-66D 1.0 25,000] 19,500 | ———

WR-662-2L 1.0 —| 22,900| 17,800

NR-H56E-2R 1.0 ————ee | 26,900| 21,600 s

WR-66D Transition 22,(!)0 18,000 ———

WB~662-11 | Transition 26,000

WB-668-2L | Transition - 23,000 | 17,000 —_—

NR-66E-2R | Transition ©27,800

8NACA, ¥DRC and Mavy data.

bPHeat Treatments:
. TR-66D:
NR-66B-11,:
TR-66E-2L:
WR~66E-2R:

As forged + 2 hours at 1200° T,

As Torged.

2200* P water qunenched + 24 hours at 1500° F.
2200° F water quenched + 24 hours at 1350° P,

Cestimnted values.

06ZT "OK NI VOVK
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TABLE IX.- STHESS-TINE FOR TOTAL DRFORMATION DATA AT 1500° ¥
TOR LOW-CAROON K135 ALLOS DISCS, NE-66E%.

Yransition to third-
gt hgitiﬂ Time for indicated total deformation 'Him‘?ifrmﬁ—
TO8B TEETLOT. orpaatlon
| Dipct | Specimen | | (percept) | 0.3 [ 028 1% T2 158 ") (ur) (porcent) |
a3 .| 5,000 0.031 65 42800 ——— _—_—
1Al 7,000 gzz | 37 400 [g000 —
: | 392560 =003 : | %8 |98 | 550 9.2
NR-66E-1L | TIP3 13,000 | —— A 8 gt | 320 536 | 360 zifs’
1% ,000 38 96 | 290} 330 | 250 1.72
13 16,000 . 20 | ﬁ 138 | 290 | 160 2.30
1m 17,000 093 5 37 | — 25 1.30
263 5,000 .038 750 —
211 7,000 .037 210 dg700 _
wn| B |EE| 2 |2 2 BN w B F
2L 284 13,000 _ — 48 88 | 186 | 315 1;3 1.50
15,000 5 16 65 | 160 1.70
carl 17,000 1 23 45| 90 28 1.20
262 17,000 115 3.1 8.7 17 |eem- 10 1.10
2?2 5,000 0025 b ——
25 7,000 . 425 [918,000 —
2n 10,000 .0 10 45 | 1240 |1615 | 1775 (2255 | 800 0,38
NR-66E-2R 2p4 13,500 o078 0.2 7 55 174 | —— [—= | 120 0.75
e 13, 500 190 | 580 | — —
2P3 15,000 | .082 — 2.7 1.4 5| M| 50 1.3

SWDRC and Navy dats.
DHeat Treatments:
NR-66E-1L: As forged.
NR-66B-2L: 2200° ¥ water guenched + 24 hours at 1500* T.
JB-66E-2R: 2200° ¥ water quenched + 24 hours &t 1350° F,
®Data from this test not used in deaign curves.

dpstivated,

“81
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TABLE X.- STHESS-TIME FOR TOTAL DEFORMATION CHARACTERISTICS AND CREEP
SYRENGTHB AT 1500° F FOR LOW-CARBON N-155 ALLOY DISC8, NB-66E°.

Q62T "OR ML VOVH

Btresa to causs total deformation in Greep strength
Total i{ndicated time pariods (Based on minimm creep rates)
b d?romt:lon _(pat)

___Disg 1 hr 10 hr 1700 pr (1000 Hr {2000 he | 0.00010% per hx
XB-66D 0.1 16,000 | 11,3500 | 7,700 | ©5,300 | —— 8,700 95,600
WR-66B-1L .1 ——e | 9,800 | 4,800 7,600 g, 500
WR-66B-2L .l 613,500 | 10,500 | 7,500 2,800 —_— 9,500 »,000
WR-66R--2R .1 11,800 | 10,000 | 8,200 ,800 | ©6,600 10,000 7,700
MD 02 S 16,&0 u’m 6,800 e ———
NR-G6R-1L o2 16,000 | 12,500 | 8,800 | ©6,200 | 95,700
NB-66E-2L o2 15,200 | 12,200 | 9,600 | ©8,300 g’l,mo
m"&él-zn 02 - - 12,700 9,600 a,m s’m
FR-66E-1L 5 ——- | 16,500 {11,000 | 9,200 | 8,600
'3—66!—21'; -5 ——— 14.6@ 11,300 10,200

2R .5 ———— | 15,400 | 12,800 | 10,200 | ©9,300

1.0 . 17’ 12,0(” ———

¥B-66E-11 1.0 13, 10,200 | 10,000

2L 1.0 —— | 16,200 | 12, 10,500 | 10,000
WR-66E-2R 1.0 -— | ©16,300 | 14,000 | 10,800 9,700
WR-66D Transition 16,400 | 11,200 [ 9,700 :
NR-66E-1L | Transitiom 16,300 | 10,200 | €9,800
WR-66B-2L | Trensition | —— | 17,000 | 13,700 | 10,300 | ———
WR-66E-2R | Tranaition | —— 017,800 [ 13,800 | 9,600 | ——

BYDRC and Favy data.

bReat Treatments:
WR-66D: Ag forged + 2 hours at 1200° F.
NR-GOE-1L: As forged.
NR-66B-2L: 2200° ¥ water quenched + 24 hours at 1500° F.
NR-66D-2R: 2200° ¥ water quenched + 24 hours at 13%50* F.

Ceatimated values.

*6T




TINE XIT.- GEEXF TENT BNTL AT 18004, 1350°, AND 1500° T MOR LOW-CANEON §-135 AIX0X DOISON, WR-648

HNRGIRLIE I R
|| {1 | |38 | [8s | 833 | 338 | 498 | #2e
of.| (354 | [69R | |9 | 59 | %9 | 9%
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{ PHpBc and Tuvy dats.,
" ogaca aata.

. 45peaimens wers 0.343-inch square with a 0.030-issh Y-motoh.

Sgnecinens were 0.450-inch dlsmetsr, Y-notch.

. Throke in Fillet.
Sppecimen frectured In gage wark,

Tiaker
_ wrm il
624 Originel eooditiom|112,000 65,200 | 47,700 50.8 —
(v} —— 80 , = | 118, 500 668,500 h:m f-i i —
40 . O b—t——— ——ag— al
) . : j— - _—
WR-64E-10 | ¢y 1200 | 25,000[1070 |116,000 71,500 | 50,000 2 2.7 —_
1200 | 38,000 960 =z ot Py
19%0| 10,000|2088 [124,400 71,800 | 44,400 .8 _—_ —_—
1350| 12,000| 2015 — —— ' 293
® 500 ~5,000|1745 [114,700 61,700 | 40,800 n 12.3 —
11 | t500| 7,000|2097 — — 233
1
s | ord ocoedition [109 60,700 | 43,200 19 18, —
M% i Myt 1147 a0 (12300 | 33 163 -
—o, —_— —_ U
n-ésu-zl.mzn magoéoouqz 101,500 64,500 | #7,500 7] 5.4 —
(0){212 | 1200| 25,000| 2070 |—" s . —_— _ u7
o | 1350| 19;000|2002 [103,200 é9,500 | 44,700 2.5 2.1 —
O {32 | 3200| 5000|2262 | 93,400 24,500 {29,200 3.5 4.6 e
1500 ;:oou 278 |- 2 == —_ 287
1 I -
Original eondition 104,300 53,000 9.8 —
d”ﬁ? —— 30— [107,700 3750 32200 1 W1 —
do. = — 205
® Sa - | = =
A-655-28 “aﬁ 1200 | 25,000|1070 {102,000 60,000 | 37,300 & 19.2 —
°J 1218 1200 ,000| 960 — e 224
3; |2350| 10;000(2008 (113,300 3,800 | 44,900 1.0 53 —
) 1350 | 12,000| 2025 —_ — 276
1500{ 5,000{1485 [101,800 54,100 {2,000 F 6.2 —
1500| 7)000|a=04 , —_ - 238
Syneat Treatments: . 7 .
1Ls As forged.
NB66E-2L: 2200 F watsr quenchsd + 24 hours at 1500* F.
NR-66R-20: 2200° F mater quanohed. + 1350* F !

OEET “Off KT YOVK
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NACA TN No. 1230

lLETTERS DESIGNATE
SPECIMENS IN HORIZONTAL PLANE

DISC DIMENSIONS 143 IN.D.x4§IN.

LEFT HALF RIGHT HALF )
e A1 o
c M
) (EX2) N
| I
. e x| i
H 8 | v P

EXAMPLES SPECIMEN
NUMBERS LOCATE SPECIMENS EX.1! Je
IN VERTICAL SECTION £X.2 NS -
I
]
S .
3
2 |(EX.1
4
EX.2
5 s { )
[ )
7
4
8

SECTION AN

FIGURE |—LOCATION OF TEST COUPONS IN
LOW-CARBON N-i56 ALLOY DISCS, NR-66E .



NACA TN No. 1230 ’ FIG. 2

'”R [SHORT-TIME TENSION FROPERTIES - _ RUPTURE STRENSTHS
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FIGURE 2:-SUMMARY OF THE PROPERTIES OF THE LOW-GARBON N-I188 ALLOY DISC, NR-G8E-IL.
(TESTED AS FORGED)
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Electrolytic chromic acid stch.

FIGURE 30.- MICROSTRUCTURE OF SPECTMENS FROM LOW-CARBON N-155 ALLOY DISC,
NR-66E-21,, AFTER STRESS-RUPTUCRE TESTS. WATER QUENCHED FROM
2200° F AND AGED 24 HOURS AT 1500° P,
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Electro_lytic chromic acid etch
FIGURE 31.- MICROSTRUCTURE OF SPECINENS FROM LOW-CARBOM N-155 ALLOY DISC,

NH-66E-2R, AFTER CREEP TESTS. WATER QUENCHED FROM 2200° F
AND AGED 24 HOURB AT 1350° F.




NACA TN No. 1230

100X 1000X
Specimen 2K5 - 1536 hours for rupture at 1200° F and 35,000 psi.

Specimen 2N1 - 485 hours for rupture at 1500° F and 15,000 pasi.
Electrolytic chromic acid etch

FIQURE 32.- MICROSTRUCTURE OF SPECIMENS OF LOW-CARBON N-155 ALLOY DISC
NR-66B-2R, AFTER STRESS-RUPTURE TESIS. WATER QUENCEED FROM
2200° F AND AGED 24 HOURS AT 1350° F.



